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METHOD AND APPARATUS FOR 
PRODUCING A HEMMED FOLDED AND 

SEAMED FINISHED WORKPIECE 

FIELD OF THE INVENTION 

This invention relates to a method and apparatus for 
producing a hemmed, folded, and seamed cloth or textile 
workpiece on an automated hemming and seaming machine. 
More particularly, a Workpiece is passed through a series of 
Work stations on the machine that automatically hem a ?rst 
edge of the Workpiece, fold the Workpiece, and align the 
leading and trailing edges of the Workpiece, Whereupon the 
leading and trailing edges of the Workpiece are seamed 
together, and the ?nished Workpieces stacked in preparation 
for further processing. 

BACKGROUND OF THE INVENTION 

The production of garments in an industrial setting uti 
liZes the production of batches of garment parts, for example 
cloth blanks, Which are then delivered to separate Work 
stations for being formed into ?nished Workpieces. The 
?nished Workpieces are then conveyed to another Work 
station, or Work stations, for being combined into the 
?nished item of clothing. For example, it is common for the 
sleeves of a shirt to be produced at a ?rst Work station, 
typically a hemming and seaming machine, With the body of 
the shirt being formed at a second Work station, and there 
after the body and the sleeves of the shirt are seWn together 
at a third Work station to form the ?nished garment. 

Moreover, the production of these garments is typically 
accomplished in high volume, high speed operations in 
Which consistent siZe and quality of the ?nished Workpieces 
is required in order to arrive at consistently siZed and 
?nished items of clothing at the end of the fabrication 
process. The inherent problem in Working With textile 
Workpieces, hoWever, is that they tend to have a natural 
elasticity Which is typically exhibited during handling such 
that Wrinkles or undesired curls or folds may occur in the 
leading edge, trailing edge, or in the body of the Workpiece 
as it is being processed. If these curls or folds are not 
removed from the Workpiece during fabrication, the ?nished 
Workpiece may be poorly formed, or formed With defects 
and inconsistencies in appearance and siZe so as to require 
reseWing or discarding of these Workpieces. In addition, the 
creation of curls or folds in Workpieces requires additional 
manual or machine operations for removing any such undes 
ired curls or folds from the Workpiece, or to correct the 
Workpieces formed With such defects. Thus, there is con 
siderable interest in removing such curls and folds as part of 
the automated fabrication process to ensure high quality at 
a high volume. 

For example, during the production of shirt sleeves, a 
Workpiece blank having a leading edge, a trailing edge, and 
a ?rst straight side edge extending betWeen the leading edge 
and the trailing edge is placed on a hemming machine. 
Thereafter, a hem is seWn in the ?rst straight side edge of the 
Workpiece as it is moved, leading edge ?rst, along a con 
veyor and through a hemming station. The hemming station 
may include a bloWer or a series of air jets for bloWing the 
curl out of the edges of the Workpiece, as Well as appropriate 
Workpiece detectors for determining the position of the 
Workpiece in order to automate the process of seWing the 
hem in the Workpiece. Thereafter, to form a ?nished tubular 
sleeve, the Workpiece must be folded such that the top 
portion of the hem is aligned With the bottom portion of the 
hem, and the leading edge is aligned With the trailing edge, 
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2 
if so desired. In the alternative, the Workpiece can be folded 
to a preset siZe, and any excess leading or trailing edge 
material Will need to be cut off prior to the tWo edges being 
seWn together in a seam. HoWever, it is during this folding 
process that unWanted curls often tend to form in the edges 
of the sleeve, Which can disrupt the seam. Also, it is 
important for the edges to be properly aligned prior to 
seaming to avoid Waste of material and to ensure consis 
tency of siZe of the ?nished sleeves. If the edges are not 
properly aligned before seaming, the ?nished sleeves can be 
formed too small or too large to match the shirt sleeve 
openings of the shirt bodies. As a result, the sleeve or the 
material of the shirt bodies about these sleeve openings 
tends to become bunched or puckered due to the elasticity of 
the cloth of the sleeve and/or body, Which must be stretched 
to match the sleeve openings for seWing. 
A seWing cloth handling device constructed to fold a 

Workpiece, and to remove the curl formed in the leading 
edge of the Workpiece during the folding process, is dis 
closed in US. Pat. Nos. 5,363,784, and 5,197,722, issued to 
Adamski, Jr., et al. on Nov. 15, 1994, and Mar. 30, 1993, 
respectively. In the device of the tWo Adamski, Jr., et al. 
patents, a Workpiece is moved along a path of travel on a 
conveyor belt toWard a sleeve handling (folding) device. 
Once in the appropriate position, as determined by a sensor, 
an elongate sleeve pickup blade is moved upWardly from a 
position beneath the Workpiece and engages the underside of 
the Workpiece to drive a leading edge portion upWardly into 
a pair of spaced jaWs formed as a part of a pickup assembly. 
Thereafter, the leading edge portion of the Workpiece, but 
not the leading edge itself, is held by the jaWs as the 
remainder of the Workpiece continues to move along the 
path of travel on the conveyor to fold the Workpiece. To 
assist in folding the Workpiece, a bloWer is directed in the 
direction of the path of travel and against the Workpiece. 
Once the Workpiece has been folded to the desired siZe, the 
jaWs release the leading edge portion of the Workpiece, but 
in doing so a fold or a curl is formed at the leading edge of 
the Workpiece. A doWnstream air bloWer is thus required in 
order to direct a jet of air in the direction opposite the 
direction of the Workpiece and into engagement With the 
folded or curled upper portion of the Workpiece to eliminate 
this fold or curl, all of Which is required due to the fold or 
curl formed in the Workpiece by the device of Adamski, Jr., 
et al. in the ?rst instance. Thus, in order to perform its 
folding operation, the device of Adamski, Jr., et al. ?rst 
creates an unWanted problem condition that it must then 
solve. 
What is needed, therefore, is a method and apparatus 

Which automatically hems, folds and seams Workpieces but 
Will not introduce any unWanted folds, curls, or Wrinkles in 
the Workpieces during the folding thereof. What is also 
needed, but seemingly unavailable in the art, is a device 
Which not only can fold the Workpiece, but can fold the 
Workpiece to a desired siZe, or can consistently fold a 
Workpiece in half, no matter the siZe of the Workpiece, 
despite variances betWeen Workpieces as they move along a 
path of travel for hemming and seaming. 

SUMMARY OF THE INVENTION 

The present invention provides an improved method and 
apparatus for hemming, folding, and seaming a cloth or 
textile blank to form ?nished Workpieces, for example a 
sleeve or a pant leg, of consistently uniform siZe and quality, 
and Which overcomes some of the design de?ciencies of 
other cloth handling and folding devices knoWn in the art, 
including minimiZing the problem of leading edge folds or 
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curls created during the folding of the workpiece. Thus, the 
present invention eliminates the formation of such defects in 
the ?nished workpieces as the workpieces are being 
produced, Which also alloWs for greater Workpiece produc 
tion rates. Moreover, the relative simplicity and ease of use 
of this device, in comparison With knoWn cloth handling and 
folding devices, alloWs for a higher degree of ?exibility in 
that this construction is readily adapted for folding Work 
pieces of any type, and of any siZe, to yield consistently 
?nished high quality Workpieces. 

The hemmer/seamer of the present invention generally 
includes a U-shaped machine frame on Which a series of 
Work stations are positioned for hemming, folding, seaming 
and stacking the Workpieces. Each Workpiece generally has 
a leading edge, a spaced trailing edge, and a continuous ?rst 
side edge in Which a hem is seWn as the Workpiece is moved 
through a ?rst Work station at the start of a hemming/ 
seaming operation. The ?rst Work station comprises a hem 
ming station having a ?rst detector, an elongate hemming 
conveyor extending along a ?rst path of travel, a hemming 
folder along the conveyor, and a seWing head positioned 
along the path of travel at the doWnstream end of the 
hemming conveyor. As the Workpiece is conveyed by the 
hemming conveyor, its ?rst side edge is uncurled and is 
trimmed, if need be, Whereupon the side edge is then folded 
under itself by the hemming folder and a hem seWn therein 
by a seWing head. 
A second detector is mounted adjacent the seWing head 

for detecting the leading and trailing edges of the Workpiece 
as they pass out of the hemming station toWard a doWn 
stream folding station. The folding station includes a third 
detector positioned doWnstream of the seWing head, and a 
folding plate spaced above and parallel to the Work table on 
Which the hemming conveyor is supported, as Well as a 
clamping plate spaced above and parallel to the folding 
plate. A spaced series of ?rst air jets is positioned doWn 
stream of the folding and clamping plates and selectively 
emit a stream or How of high velocity air betWeen the 
folding plate and the clamping plate, respectively, in a 
direction opposite the path of travel. As a result, a venturi 
effect air ?oW or vacuum is created betWeen the folding and 
clamping plates Which draWs the leading edge of the Work 
piece upWardly betWeen the folding plate and the clamping 
plate as the remainder of the Workpiece continues to pass 
beneath the folding plate on the hemming conveyor. The 
clamping plate is constructed and arranged to be reciproca 
bly moved into engagement With the folding plate for 
clamping the leading edge of the Workpiece therebetWeen. 

After the leading edge of the Workpiece has been clamped 
betWeen the clamping and folding plates, both plates may 
remain stationary With respect to the conveyor, or they may 
be raised together upWardly and aWay from the conveyor. A 
series of spaced second air jets are positioned upstream of 
the folding plate and selectively emit a stream of loW 
velocity and high volume air How in the direction of the path 
of travel beneath the folding plate to at least partially in?ate 
at least a portion of the Workpiece While it moves beneath 
the folding and clamping plates. After a pre-determined 
period of time has elapsed, or in timed response to the 
detection of the trailing edge of the Workpiece by the third 
detector, a top ply alignment device eXtends and engages the 
top ply of the folded Workpiece to align a top portion of the 
hem of the folded Workpiece With a bottom portion of the 
hem. If the folding and clamping plates have been raised, 
they are noW moved doWnWardly toWard their initial posi 
tion above the conveyor. Simultaneously, the upstream air 
jets are turned off and the clamping plate releases the leading 
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4 
edge of the Workpiece Which is then generally aligned With, 
and overlaid on the trailing edge of the Workpiece as the 
Workpiece passes out of the folding station. 

The top ply alignment device is positioned adjacent the 
folding station, and is constructed and arranged to engage a 
top portion of the hem of the Workpiece and move it into 
alignment With a bottom portion of the hem received against 
a stationary guide positioned on the frameWork of the 
machine With respect to the hemming conveyor on Which the 
Workpiece is being conveyed. DoWnstream of the folding 
station and the alignment device is a ?rst transport assembly 
Which includes a movable transport clamp adapted to engage 
an upper portion of the folded Workpiece and to slide the 
Workpiece over a smooth surfaced transport table. The 
transport table may include a series of pressuriZed direc 
tional airjets mounted ?ush in the surface thereof for creat 
ing an air ?otation cushion beneath a loWer portion of the 
folded Workpiece such that the Workpiece can be easily slid 
across the surface of the transport table. The ?rst transport 
clamps engages the Workpiece at a ?rst position and moves 
the Workpiece aWay from the folding station toWard a 
second release position at a ?rst rate of speed and then 
decelerates the Workpiece to a second rate of speed to 
prevent the collapse of the Workpiece or the formation of a 
curl or a lip in the leading edge of the upper portion of the 
Workpiece caused by the inertia of the Workpiece as it is 
brought to a stop by the ?rst transport clamp. The second, 
sloWer rate of speed of the ?rst transport clamp ensures that 
the leading and trailing edges of the Workpiece remain in 
alignment With one another. 

A second transport assembly including a hem clamp is 
positioned adjacent the release position of the ?rst transport 
assembly, and includes a transport clamp vertically movable 
into engagement With the Workpiece prior to its release by 
the ?rst transport clamp, Whereupon the ?rst transport clamp 
releases the Workpiece. The second transport clamp is mov 
able in a direction normal to the path of the ?rst transport 
clamp, and moves the Workpiece toWard a doWnstream 
seamer station, partially rotating the Workpiece, if necessary, 
to align the Workpiece With the seWing head of the seamer 
station so that the appropriate seam may be formed in the 
Workpiece. 
AWorkpiece stacking station is positioned doWnstream of 

the seamer station, and includes a transfer plate onto Which 
the ?nished Workpiece is received as it moves out of the 
seamer station. A side conveyor is positioned adjacent a ?ip 
plate positioned at the distal end of the conveyor, and onto 
Which the ?nished Workpiece is placed by the side conveyor, 
doWnstream of the transfer plate. The ?ip plate then places 
the ?nished Workpiece in a bundle tray positioned adjacent 
the operator’s station of the machine because of the 
U-shaped con?guration of the machine Which has the effect 
or “returning” the noW ?nished Workpiece to the operator so 
the operator may quickly and easily visually inspect the 
?nished Workpieces Without substantial disruption in the 
operation of the machine. 

It is, therefore, an object of this invention to provide an 
improved method and apparatus for producing a hemmed, 
folded, and seamed ?nished Workpiece Without the forma 
tion of a fold, curl, or a lip in the leading edge of the folded 
Workpiece during the folding process. 

It is another object of the present invention to provide an 
improved method and apparatus for forming a hemmed, 
folded, and seamed ?nished Workpiece Which alloWs for the 
machine operator to inspect the ?nished Workpieces once 
they are completed Without leaving the operator’s station to 
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ensure that a high production rate of consistently ?nished 
workpieces is maintained. 

Yet another object of the present invention is to provide an 
improved method and apparatus for producing hemmed, 
folded, and seamed ?nished Workpieces Which is simple in 
operation and design, is rugged and durable in structure and 
in use, and Which Will ensure the production of a consis 
tently siZed, quality ?nished Workpieces. 

The present invention accomplishes these objects, among 
others, While providing for ?exible, efficient, and continuous 
high speed automated hemming, folding, and seaming 
operations on cloth Workpieces. 

Other objects, features, and advantages of the present 
invention Will become apparent, therefore, upon reading the 
folloWing speci?cation, When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a preferred embodiment of 
the hemming, and seaming machine of this invention. 

FIG. 2 is a perspective vieW of the machine of FIG. 1, 
shoWing the hemming and seaming machine separated into 
tWo subframe components. 

FIG. 3 is a side elevational vieW of the folding and 
hemming stations. 

FIG. 4A is a partial exploded perspective vieW of the 
folding station, the ?rst transport clamp, and the second 
transport clamp of the hemming and seaming machine of 
FIG. 1. 

FIG. 4B is an exploded perspective vieW of the folding 
station of the hemming and seaming machine of FIG. 1. 

FIG. 5A is a partial, exploded perspective vieW of the 
folding plate, clamping plate, and tWo-Way cylinder of the 
folding station of FIGS. 4A and 4B. 

FIG. 5B is a partial perspective vieW of the folding plate, 
clamping plate, and tWo-Way cylinder of FIG. 5A in its 
assembled con?guration. 

FIG. 6A is a partial exploded perspective vieW of the 
alignment device. 

FIG. 6B is a perspective vieW shoWing the alignment 
device of FIG. 6A in its assembled con?guration. 

FIG. 7A is an exploded perspective vieW of the ?rst 
transport clamp of the hemming and seaming machine of 
FIG. 1. 

FIG. 7B is a perspective vieW of the ?rst transport clamp 
of FIG. 7A in its assembled con?guration. 

FIG. 8 is an exploded perspective vieW of the second 
transport clamp of the hemming and seaming machine of 
FIG. 1. 

FIG. 9 is a schematic illustration of the control system use 
to operate the hemming and seaming machine of FIG. 1. 

FIGS. 10A—J are sequential, schematic, partial side eleva 
tional vieWs of a hemmed Workpiece being folded using the 
folding station and alignment device of the hemming and 
seaming machine of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring noW to the draWings, in Which like reference 
numerals indicate like parts throughout the several vieWs, 
FIGS. 1 and 2 illustrate a preferred embodiment of a 
hemming and seaming machine 5, hereinafter referred to as 
the “machine”. The machine 5 has a computer control 
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6 
system, generally indicated at 6, and a generally U-shaped 
cabinet-styled frameWork 7 comprised of a ?rst subframe 
assembly 8 and a second subframe assembly 9, as best 
shoWn in FIG. 2. The tWo subframe assemblies of the 
machine can be moved apart from one another for ease of 
maintenance, inspection, repair, and/or updating of the 
machine during its use in clothing manufacturing plants. As 
shoWn in FIG. 2, therefore, subframe assembly 9 has a 
plurality of rollers 12 constructed and arranged to alloW for 
positioning of the machine as Well as for moving subframe 
9 aWay from subframe 8. Atransport cylinder 13 is mounted 
to subframe 8 and includes an extensible cylinder rod 14 
(FIG. 2) Which is operably engaged With subframe 9 for 
moving subframe 9 toWard and aWay from subframe 8. 
When the tWo subframes are draWn together, as shoWn in 
FIG. 1, they are locked into position such that the tWo 
subframes form a rigid and durable frame U-shaped frame. 
Transport cylinder 13 Will preferably be a pneumatic 
cylinder, or may include other suitable types of cylinders 
including, for example, a hydraulic cylinder. 
As best shoWn in FIGS. 1 and 2, machine 5 includes a 

series of Work stations, such as a hemming station 15 
positioned at an upstream end of a ?rst path of travel, 
denoted by the reference character “P1”. The hemming 
station 15 includes a spaced series of endless parallel tape 
belts/conveyor belts forming a hemming conveyor 16 Which 
extends along and moves in the direction of the path of travel 
from an upstream toWard a doWnstream end of subframe 8. 
As shoWn in FIGS. 1 and 2, hoWever, hemming conveyor 16 
does not extend all the Way to the doWnstream end of the 
subframe, rather it terminates at a smooth surfaced transport 
table 100, the function of Which is described in greater detail 
later beloW. 
A hemming folder 17 (FIG. 1) is positioned at hemming 

station 15, extending along and parallel to the hemming 
conveyor 16. The hemming folder is constructed and 
arranged to fold a ?rst elongate straight side edge of Work 
piece W, shoWn in FIGS. 1 and 2, under itself to form a hem 
in the Workpiece. A series of air jets 18 (FIG. 3) also 
typically are mounted along the back side of the hemming 
folder, and direct streams of air laterally across the Width of 
the Workpiece for eliminating folds or curls in the Workpiece 
as it is hemmed. A top conveyor 19 (FIG. 1) is provided in 
conjunction With the hemming folder 17 for moving Work 
piece W along the ?rst path of travel toWard and into 
engagement With a hemmer seWing head 20 positioned at the 
doWnstream end of the hemming folder 17 and conveyor 16. 
Hemming station 15 includes a ?rst detector or sensor 21 

(FIG. 1) Which is mounted at the upstream end of the top 
conveyor. It is anticipated that the detector Will be a pho 
toelectric sensor or similar detection device that detects the 
presence and absence of the leading and/or trailing edges of 
each Workpiece passed thereby. If the Workpiece is not 
detected for a predetermined period of time, the computer 
control system 6 shuts the machine 5 doWn until it is 
restarted. 
Hemmer seWing head 20 can comprise any of the knoWn 

types of seWing heads manufactured by Yamato, Pegasus, 
Rimoldi, or other suitable seWing heads knoWn to those of 
skill in the art. The hemming seWing head 20 receives the 
folded edge of the Workpiece and seWs a line of stitches 
therealong to complete formation of the hem in the Work 
piece. A second, seWing control sensor 22 (FIG. 3) is 
mounted upstream of the seWing head 20, and generally is 
a photoelectric sensor or other detector, for example a 
proximity detector, directed toWard the area of the seWing 
head. The seWing control sensor detects the leading and 
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trailing edges of the workpiece to control the operation of 
the sewing head 20. Hemming station 15 (FIG. 1) also is 
provided With at least one, and in this instance tWo, Waste 
container assemblies 23 adapted to receive trimmed cloth 
scraps, or thread chains left over from the seWing of the hem 
in, and/or from the seaming of, the Workpiece. 

DoWnstream of hemming station 15, positioned along 
hemming conveyor 16, is a second Workstation, folding 
station 25, illustrated generally in FIGS. 1 and 2, and in 
greater detail in FIGS. 3—5B. Folding station 25 includes a 
generally planar folding plate 26 spaced above the surface of 
hemming conveyor 16, along the ?rst path of travel. Spaced 
above, and parallel to folding plate 26 is a clamping plate 27. 
A pair of spacer blocks 29 are threadedly fastened to 
opposed side edges of folding plate 26, and are fastened to 
the opposite ends of an elongate mounting bar 30. Amount 
ing bracket 31 is fastened to the mounting bar, to Which a 
?rst tWo-Way cylinder 33, here a dual rod cylinder, having a 
pair of pneumatic inlets/outlets 34 is fastened. The dual rod 
cylinder includes a foot 35 Which is moved reciprocably 
toWard and aWay from hemming conveyor 16 When actuated 
by the appropriate pneumatic controls. The pneumatic con 
trols used to operate the cylinder are not described in greater 
detail herein as they are Well knoWn to those of skill in the 
art, and are actuated by computer control system 6. 
As illustrated in FIG. 5A, foot 35 of cylinder 33 is 

fastened to a mounting plate 37, and then to an additional 
mounting plate 38, mounting plate 38 being fastened in turn 
to clamping plate 27 by suitable fasteners. Although not 
illustrated speci?cally in FIG. 5A, it is anticipated that 
folding plate 26 Will be constructed of a stainless steel 
having a polished eXterior surface, and that clamping plate 
27 Will be constructed of a translucent or clear plastic, 
preferably of a polycarbonate having a smooth exterior 
surface. It is anticipated that folding plate 26 and clamping 
plate 27 could each be constructed of different non 
translucent plastic materials, or metallic materials, if so 
desired, so long as each of the plates is provided With a 
smooth exterior surface ?nish to avoid building up a static 
electrical charge thereon Which might possibly form curls in 
the Workpiece. 

Still referring to FIG. SA, a planar support plate 39 is 
fastened to the doWnstream side of mounting bar 30, on 
Which a spaced series, in this instance four, air jets 41 are 
positioned for selectively directing a stream of air into a 
plenum formed in the space betWeen clamping plate 27 and 
folding plate 26. The air jets 41 may include air jets 
manufactured by Sof?e, for eXample, and are provided With 
air from an air compressor (not illustrated) provided as a part 
of machine 5, or as a part of the facility Within Which 
machine 5 is used. Each of air jets 41 thus bloWs a stream 
of air through the plenum in a direction opposite to the 
direction of the path of travel, creating a venturi-effect air 
?oW Within the plenum Which in turn creates a vacuum 
Which draWs the leading edge of the Workpiece upWardly off 
of the surface of conveyor 16, and into the space betWeen the 
folding and clamping plates. Once this occurs, the clamping 
plate is moved into engagement With folding plate 26 by the 
actuation of cylinder 33, as illustrated generally in FIGS. 
10A—J, and as described in greater detail later beloW. Each 
of air jets 41 is actuated by the machine computer control 
system 6, also described in greater detail later beloW. It is 
anticipated, although not illustrated here, that air jets 41 Will 
be supplied With compressed air through suitable air-tight 
tubing, With the air ?oW being controlled by any desired 
pilot valves (not illustrated), and/or solenoid valves (not 
illustrated), used to govern not only the air ?oW through the 
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air jets for selectively creating the vacuum betWeen the 
clamping and folding plates, but for also actuating the 
pneumatic cylinders and air jets 42a of the machine, as 
controlled by computer 170 (FIG. 9). 

Upstream of folding plate 26 and clamping plate 27 is an 
elongate manifold 42 having a spaced series of second air 
jets 42a de?ned therein, each of Which selectively emits a jet 
of pressuriZed air in the direction of the path of travel, and 
underneath the folding plate 26 during the folding of the 
Workpiece W, as illustrated sequentially in FIGS. 1OA—J, 
and as further described beloW. It is anticipated that air jets 
42a Will be air holes de?ned Within manifold 42, although 
noZZles fastened to, or formed as a part of manifold 42 may 
also be used. Moreover, specialty air jets designed as such, 
for eXample Sof?e air jets, could be used as air jets 42a if so 
desired. 

As shoWn in FIG. 3, a third detector 43, a folding sensor, 
is mounted to the machine frame above the folding and 
clamping plates immediately doWnstream of seWing head 20 
of the hemming station 15. The folding sensor 43 generally 
is a photoelectric sensor, but may also be a proXimity 
detector or similar detector, that is adapted to read, i.e., 
detect, the presence of the leading and trailing edges of the 
Workpiece. In response to detecting the leading edge of the 
Workpiece, the sensor signals the computer control to actu 
ate the ?rst air jets 41 to start the folding operation. In 
response to detecting the trailing edge, the folding sensor 
signals the computer control system to deactivate the second 
air jets 42, and to disengage the clamp and folding plates 
from one another to complete the folding operation. 

Folding station 25, as shoWn in FIGS. 4A and 4B, 
includes a second tWo-Way cylinder 44, once again a dual 
rod cylinder, having a pair of pneumatic inlets/outlets 45, 
and a foot 46 constructed and arranged to be reciprocably 
moved toWard and aWay from cylinder 44. Foot 46 is 
fastened to mounting plate 47, mounting plate 47 in turn 
being fastened to mounting bar 30. Cylinder 44 is also 
secured to mounting plate 48, and to a bracket assembly 49, 
illustrated in FIGS. 3 and 4, the bracket assembly being 
fastened to overhead frame assembly 52 as shoWn in FIGS. 
1 and 2. Acover plate 51 is received on bracket assembly 49 
for enclosing cylinder 44 Within a housing formed by the 
bracket assembly 49 and cover plate 51. 

Referring to FIGS. 4A—5B, cylinder 33 is shoWn fastened 
to mounting bracket 31, mounting bracket 31 in turn being 
fastened to mounting bar 30. So constructed, cylinder 33 can 
independently move clamping plate 27 toWard and aWay 
from folding plate 26. Cylinder 44, on the other hand, is also 
fastened to clamping bar 30, hoWever it moves clamping bar 
30 to include both folding plate 26 and clamping plate 27, 
together, toWard and aWay from the surface of hemming 
conveyor 16, as illustrated schematically in FIGS. 10F—I. 
Thus, once the leading edge of a Workpiece is trapped 
betWeen folding plate 26 and clamping plate 27 by the 
actuation of cylinder 33, cylinder 44 may be actuated for 
lifting both the folding plate and the clamping plate together, 
upWardly and aWay from the surface of the conveyor to 
create a greater space under the folding plate for the air ?oW 
created by air jets 42a of bloWer manifold 42, Which Will at 
least partially in?ate the Workpiece as it moves along the 
path of travel to assist in the folding of the Workpiece. 
As shoWn in FIGS. 4A, 4B and 6A and 6B, a top ply 

alignment device 55 is positioned at folding station 25, 
doWnstream of folding plate 26 and clamping plate 27, and 
is fastened to mounting bar 30. Referring noW to FIG. 6A, 
the alignment device 55 has a ply separator tongue 56 



5,865,135 

constructed and arranged to be laterally inserted underneath 
an upper portion, denoted by the reference character “U” in 
FIG. 10F, of the Workpiece as it is folded, and above a 
spaced loWer portion of the Workpiece, denoted by the 
reference character “LW”. The ply separator tongue serves to 
separate the tWo plies of the Workpiece so that a top portion 
of the hem (not illustrated) can be aligned With a bottom 
portion of the hem (not illustrated) during the folding 
process, as described in greater detail beloW. 

Ply separator tongue 56 of FIG. 6 includes a spaced series 
of holes 57 de?ned therein, for receiving a spaced series of 
guide, or stop, pins 71 passed doWnWardly through an upper 
tongue 65. Ply separator tongue 56 is fastened to a tWo-Way 
cylinder 59, a dual rod cylinder, having a pair of spaced 
pneumatic inlets/outlets 60, and a reciprocable foot 61 
fastened to the ply separator tongue. Cylinder 59 is fastened 
to a mounting plate 63, mounting plate 63 being received on 
a mounting block 64 fastened to upper tongue 65, tongue 65 
supporting tWo air jets, one of Which is a ?rst air jet 41 
provided as a part of the folding station 25, and one of Which 
is a second air jet 68 provided for aligning the upper portion 
of the Workpiece With the loWer portion of the Workpiece, 
and more particularly for directing a stream of air at the 
upper portion of the Workpiece and guiding the top portion 
of the hem into engagement With the guide pins 71, Which 
form a stop. 

Although not shoWn speci?cally in FIG. 5, the air jet 41 
mounted on upper tongue 65 (FIG. 6A) is received Within a 
cut-out portion of support plate 39, as shoWn in FIG. 5, and 
acts in concert With the other ones of air jets 41 to create the 
venturi-effect air How in the plenum betWeen clamping plate 
27 and folding plate 26. Accordingly, air jet 41 on upper 
tongue 65 is actuated in concert With air jets 41 on support 
plate 39, air jet 68 being operated independently of air jets 
41 by computer 170 for urging the upper portion of the 
Workpiece toWard and into engagement With guide pins 71. 
As shoWn in FIGS. 6A and 6B, the alignment device 

further includes a tWo-Way cylinder 73, a dual rod cylinder, 
mounted above the separator tongue and connected to and 
supporting the mounting plate 63 and upper tongue 65. The 
cylinder 73 is actuated to move the upper tongue 65 and 
guide pins 71 into alignment With a stationary guide 77 for 
setting the position of the alignment device With respect to 
the Workpiece’s path of travel. Guide 77 is af?Xed to the 
machine and spaced from the hemming conveyor 16, and is 
positioned slightly doWnstream of folding plate 26 and 
clamping plate 27. Thus, once the leading edge of the 
Workpiece is clamped betWeen the clamping and folding 
plates, and as the hemmed sleeve continues to be moved 
underneath the folding plate, a bottom portion of the hem 
Will be engaged against the stationary guide. 

The position of the stationary guide is manually set by the 
machine operator at the start of sleeve producing operations. 
The stroke of cylinder 73 is manually adjusted and set by the 
machine operator to align the top portion of the hem driven 
against pins 71 by air jet 68 With the bottom portion of the 
hem engaged With the stationary guide, thus aligning the top 
and loWer portions of the hem With one another to ensure 
that the hems of the Workpiece are aligned as it is folded on 
itself at folding station 25. Once the leading edge of the 
Workpiece is released from betWeen clamping plate 27 and 
folding plate 26, and alloWed to move along the path of 
travel, air jet 68 is actuated such that the upper portion of the 
Workpiece is guided against the pins While dual rod cylinder 
73 is actuated to align the guide pins, and thus the top 
portion of the hem, With stationary guide 77 and the bottom 
portion of the hem. 
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Cylinder 73 of the alignment device includes a pair of 

pneumatic inlets/outlets 75, and a reciprocable foot 76 
fastened to mounting block 64 and to upper tongue 65. 
Cylinder 73 is fastened to mounting bar 30, and thus moves 
the entire remaining portion of the alignment device toWard 
and aWay from the clamping bar laterally With respect to the 
length of the Workpiece as the Workpiece moves along the 
path of travel. 
As shoWn in FIG. 3, a ?rst transport clamp assembly 80 

is positioned on machine 5 doWnstream of, and spaced With 
respect to, folding station 25 and alignment device 55 along 
What is the ?rst leg of the U-shaped con?guration of the 
machine. The ?rst transport clamp assembly 80 is illustrated 
in greater detail in FIGS. 7A and 7B. Referring noW to FIG. 
7A, ?rst transport clamp assembly 80 includes an elongate 
tWo-Way rodless cylinder 81, having a pair of pneumatic 
inlets/outlets 82 for reciprocably moving a carrier 84 along 
the length of cylinder 81. A mounting bracket assembly 85 
is fastened to carrier 84, With a tWo-Way, dual rod, cylinder 
86 fastened to the mounting bracket assembly 85 for being 
moved along the path of travel by cylinder 81. Cylinder 86 
includes a pair of pneumatic inlets/outlets 88, and a recip 
rocable foot 89 fastened to a mounting plate 92, the mount 
ing plate 92 being fastened to a clamp bar 93, to Which a 
clamp plate 94 is fastened by fasteners 97. 
TWo fasteners (not illustrated) are passed through plate 92 

(FIG. 7A) and into foot 89 for af?Xing the clamp bar, and 
thus clamp plate 94, to cylinder 86. It is anticipated that 
clamp plate 94 Will be constructed of the same material as 
is clamping plate 27, namely out of a polycarbonate plastic. 
Clamp plate 94 further typically is provided With a spaced 
series of elongate rubber grommet strips 96 fastened thereto, 
generally by glue or other suitable adhesive, on the under 
side thereof such that the rubber strips of the clamp plate Will 
engage the upper portion of the Workpiece When cylinder 86 
is actuated to move foot 89 doWnWardly toWard hemming 
conveyor 16, on Which the hemmed and folded Workpiece is 
being transported. 

So constructed, the ?rst transport clamp assembly 80 Will 
engage the upper portion of the Workpiece When cylinder 86 
is actuated to move clamp plate 94, and in particular rubber 
grommet strips 96, into engagement With an upper portion of 
the folded Workpiece, at a ?rst, engaging position (not 
illustrated). Cylinder 81 is then actuated by the machine 
computer control system 170 to accelerate the Workpiece 
aWay from the folding station and move it along the ?rst path 
of travel P1 at a ?rst rate of speed greater than the speed at 
Which each Workpiece is moved by hemming conveyor 16 
toWard a second release position. Thereafter, in order to 
prevent the formation of a curl in the folded leading edge of 
the Workpiece due to momentum from a sudden stop at the 
?rst rate of speed, cylinder 81 is decelerated to a second rate 
of speed less than the ?rst rate of speed so that the Workpiece 
does not collapse, or otherWise alloW a curl or a lip to be 
formed in the leading edge of the Workpiece as it comes to 
a stop at its release position. 

As shoWn in FIG. 7A, cylinder 81 is provided With an 
adjustable stop assembly 98 for adjusting the stop position 
of carrier 84 along the length of the ?rst path of travel. This 
is used to position the clamp plate 94 With respect to folding 
station 25, alignment device 55, and hemming conveyor 16 
as the hemmed and folded Workpieces are released from the 
folding station. 
As best shoWn in FIG. 2, a smooth surfaced transport table 

100 formed of stainless steel and having a polished upper 
surface is positioned doWnstream of hemming conveyor 16, 
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and it is over this surface Which clamp plate 94 Will slide the 
hemmed and folded workpiece until it is stopped after being 
decelerated. In order to assist the sliding of the Workpiece 
across the transport table, the transport table may include a 
spaced series of directional pressuriZed air jets 101 mounted 
?ush therein, each of the air jets being constructed to supply 
a How of air to form an air ?otation cushion beneath the 
loWer portion of the folded Workpice to assist in moving it 
across the surface of the transport table Without inducing any 
Wrinkles, pulls, tears, or curls in the Workpiece. It is antici 
pated that the directional pressuriZed air jets 101 may 
include those air ?otation system jets knoWn as the “Zyppy 
Adjustable Directional Feeding Air Flotation Systems” mar 
keted by Profeel, Inc. of Atlanta, Ga., for use in lifting, 
feeding, and directing materials on the machine table. So 
constructed, and if provided, air jets 101 assist in directing 
the Workpiece along the ?rst path of travel until the Work 
piece is stopped by ?rst transport clamp assembly 80 at its 
release position (not illustrated), Whereupon the ?rst trans 
port clamp 94 releases the Workpiece after second transport 
clamp assembly 103 is moved into engagement With the 
Workpiece. 

Second transport clamp assembly 103 is illustrated in 
greater detail in FIG. 8. In fashion similar to the ?rst 
transport clamp assembly, the second transport clamp 
assembly includes an elongate tWo-Way rodless cylinder 104 
having a pair of spaced pneumatic inlets/outlets 105. A 
carrier 107 is mounted to and moved by the rodless cylinder 
along a second path of travel, i.e. along the second leg of the 
U of the U-shaped frame, as denoted by the reference 
character “P2”. A mounting block 108 is fastened to carrier 
107 by a plurality of fasteners Which are also used to fasten 
a transport clamp rotate assembly 109 to carrier 107 such 
that the Workpiece can be partially rotated by the transport 
clamp rotate assembly as the Workpiece is being moved 
toWard the seamer station 149 for the purpose of aligning the 
side edge of the hemmed and folded Workpiece to be seamed 
With the seamer. 

As illustrated in FIG. 8, the transport clamp rotate assem 
bly 109 includes an adjustment plate 111 having an arcuate 
slot 112 de?ned therein, With a series of radially spaced 
indexing holes 113 arrayed on the outside edge thereof, and 
adapted for being used With an adjustable stop assembly 115. 
Adjustable stop assembly 115 includes a clamp bracket 116 
held Within arcuate slot 112 by a pair of Allen screWs having 
suitable shoulders thereon for forming a bearing surface of 
the clamp bracket Within arcuate slot 112. The clamp bracket 
includes an elongate stop pin 117 projecting upWardly 
therefrom, passed through a tensioning spring 119 held 
Within the clamp bracket, With an adjustment knob 120 used 
to draW the stop pin doWnWardly against the tension of 
spring 119 thus alloWing the clamp bracket to be moved and 
positioned With respect to the appropriate indexing hole 113 
on adjustment plate 111. Clamp bracket 116 forms a portion 
of the stop assembly used to stop pivot plate 121 from 
movement after the desired rotation of the Workpiece. 

Still referring to FIG. 8, a pivot plate 121 is positioned 
immediately beloW, and spaced from adjustment plate 111 
by a series of spacers and bearings 122. Pivot plate 121 has 
a stop 123 de?ned thereon Which is constructed to engage 
clamp bracket 116 during the partial rotation of the pivot 
plate by a tWo-Way pneumatic cylinder 124, having a pair of 
pneumatic inlets/outlets 125. Cylinder 124 has a cylinder 
rod 127 With an eye 128 formed at one end thereof, and 
fastened to pivot plate 121 by a threaded fastener 128a and 
a second spaced eye 129 fastened to adjustment plate 111, 
and to mounting block 108 by fastener 129a. So constructed, 
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When cylinder 124 is actuated by computer 170, pivot plate 
121 is moved With respect to adjustment plate 111 until such 
time as stop 123 engages clamp bracket 116, this having the 
effect of at least partially rotating the Workpiece as it is 
carried against the surface of the transport table by second 
transport clamp 103 in fashion described in greater detail 
beloW. 
A mounting bracket assembly 131 is fastened to pivot 

plate 121 such that it Will travel through the same arcuate 
path as does the pivot plate When being moved by air 
cylinder 124. Fasteners 132 are used to fasten mounting 
bracket assembly 131 to pivot plate 121. AtWo-Way cylinder 
133, a dual rod cylinder, is fastened to mounting bracket 
assembly 131 and has a pair of pneumatic inlets/outlets 135, 
and a reciprocable foot 136 constructed and arranged to be 
moved toWard and aWay from cylinder 133. Foot 136 is 
fastened to an elongate clamp bar 137, having an elongate 
rubber grommet strip 139 fastened thereto using an adhe 
sive. So constructed, When cylinder 133 is actuated by 
computer 170 to move foot 136 doWnWardly toWard the 
surface of transport table 100, rubber grommet strip 139 Will 
engage the upper portion of the folded and hemmed 
Workpiece, and Will be positioned to move it across the 
surface of the table and along the second path of travel by 
carrier 107. Ahem clamp assembly 140 is fastened to clamp 
bar 137 and has a tWo-Way cylinder 141, a dual rod cylinder, 
With a pair of spaced pneumatic inlets/outlets 143. Cylinder 
141 is fastened to the clamp bar 137 by a mounting plate 
144. Areciprocable foot 145 is fastened to cylinder 141, and 
is engaged With a hem clamp 147 used to clamp the top and 
bottom portions of the hem in alignment With one another as 
the seam is seWn in the Workpiece. 

Before the ?rst transport clamp 94 releases the Workpiece, 
the second transport clamp assembly engages the Workpiece, 
Whereupon the ?rst transport clamp releases the Workpiece. 
The second transport clamp then moves the Workpiece along 
a second path of travel “P2” in FIGS. 1 and 2, in a direction 
normal to the ?rst path of travel P1 toWard the doWnstream 
seamer station 149 upon the actuation of cylinder 104. 
Although not illustrated speci?cally in FIGS. 1 and 2, it is 
anticipated that a second series of spaced directional air jets 
could also be provided for assisting in the movement of the 
Workpiece on the surface of the transport table by the second 
transport clamp assembly 140, in the direction of the second 
path of travel P2 toWard the seamer station 149. 

The seamer station 149 is illustrated in FIGS. 1 and 2. The 
seamer station includes a seamer seWing head 150 of a type 
knoWn to those of skill in the art, and may include those 
seamer seWing heads manufactured by Yamato, Pegasus, or 
Juki. It is also understood by those skilled in the art, 
although not illustrated speci?cally herein, that seamer sta 
tion 149 Will be provided With a rotatable guide assembly, 
and conveyors, used to move the hemmed and folded 
Workpiece through the seamer and into engagement With the 
needles of the seWing head to form any desired seam in the 
Workpiece during the seaming operation. Seamer station 149 
also typically includes a conveyor (not illustrated), typically 
a top conveyor, used to assist in moving the Workpiece from 
the seamer seWing head toWard a doWnstream Workpiece 
stacking station 155, illustrated in FIGS. 1 and 2, Which lies 
along the third leg of the U-shaped machine frame. 
The Workpiece stacking station 155, shoWn in FIGS. 1 

and 2, generally includes a hinged transfer or drop plate 156 
positioned at the doWnstream end of the second path of 
travel P2. As the Workpiece is received on the transfer plate, 
a transfer plate or Workpiece stacking station detector 187 
(FIG. 9) Will signal computer 170, Which Will in turn drop 
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transfer plate 156 such that the workpiece is transferred to a 
side conveyor 157, and moved toward a ?ip panel 159 
pivotally fastened to the workpiece stacking station using a 
tWo-Way air cylinder (not illustrated) to take ?nished Work 
pieces and place them into a bundle tray 160 positioned With 
respect to the operator’s station 191, shoWn in FIGS. 1 and 
2, at Which the machine operator stands, such that the noW 
?nished Workpiece has in essence been “returned” to the 
machine operator for visual inspection by the machine 
operator as the respective Workpieces come off of the ?ip 
panel and are dropped into the bundle tray. The bundle tray 
is provided With a movable bundle tray indexing plate 161, 
generally driven by a pneumatic cylinder (not illustrated) for 
moving the stacked Workpieces along the length of the 
bundle tray to form a bundle of Workpieces, Whereupon the 
bundles of Workpieces are then moved by a pusher (not 
illustrated) onto an adjacent bundle tray 162 for collection 
and transport to other Work stations for use in completing the 
manufacture of the clothing items With Which the sleeves are 
associated. 

The machine 5, as illustrated in FIGS. 1—8, is automati 
cally controlled by a machine control system 6 Which 
includes a computer 170, illustrated schematically in FIG. 9. 
The computer 170 Will preferably be a Z8 microprocessor 
manufactured by Zilog, Which computer is programmed in 
the Z8 assembly language, although it Will be understood 
that similar microprocessors or computers capable of such 
control operations can be used in place of the Zilog Z8 
microprocessor. Accordingly, CPU (central processing unit) 
171 of computer 170 is a Zilog Z8 microprocessor. Com 
puter 170 also includes a data bus 172 in communication 
With the CPU, a computer readable storage medium, such as 
RAM 174, Which may comprise a magnetic hard disc drive, 
a magnetic ?oppy disc drive, a magnetic tape drive, a CD 
ROM drive, or other data storage means, and a ROM, or 
read-only memory 175, Which in this instance comprises an 
EPROM onto Which the operating program has been 
programmed, or “burned” as knoWn to those skilled in the 
art. An outline of the machine operating sequence, as 
controlled by the program Within EPROM 175, is appended 
hereto as the Appendix. 
An input/output card 176 is provided, Which is in com 

munication With data bus 172, and With a data display/data 
entry device 178. It is anticipated that data display/data entry 
device 178 as illustrated in FIGS. 1 and 2 Will typically Will 
be a touch-sensitive data display and data entry screen, or an 
equivalent user interface. As the computer program is main 
tained in the EPROM 175, it is anticipated that the machine 
can be operated in relatively simple fashion merely by using 
a pre-programmed menu of options displayed on the touch 
sensitive display screen 178. The computer 170 also has an 
input/output card 179 in communication With the data bus 
172 and With the detectors used in machine operation for 
inputting detected or measured conditions such as the pres 
ence or absence of a Workpiece, or its leading and trailing 
edges, respectively, to the CPU. Lastly, computer 170 Will 
have an additional input/output card 180 adapted to emit a 
control signal to the elements of the machine as illustrated 
schematically in FIG. 9. 

Referring noW to FIG. 9, the machine 5 generally has 
seven detectors used to control the automatic operation of 
the machine. These seven detectors include a ?rst detector, 
hemmer detector 21 positioned upstream of hemmer seWing 
head 20; a second detector, the seWing control detector 22 
mounted adjacent the seWing head 20; a third detector, 
folding station detector 43 positioned upstream of folding 
plate 26 and clamping plate 27; a fourth detector, seamer 
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detector 186 positioned upstream of seamer seWing head 
150; a ?fth detector, Workpiece stacking station (transfer 
plate) detector 187 positioned upstream of transfer plate 
156; a siXth detector, ?ip panel detector 188 positioned 
upstream of ?ip panel 159; and a seventh detector (not 
illustrated) a full bundle table detector for bundle tray 160. 
Each of these detectors is preferably a photosensor or a 
proXimity detector constructed and arranged to detect and 
signal When the leading, and trailing edges, respectively, of 
a Workpiece pass therebeneath. Once detected, the detectors 
send the appropriate leading or trailing edge detection signal 
to computer 170 for action by CPU 171 in conjunction With 
the program stored in EPROM 175, Whereupon the appro 
priate control signals are issued by the CPU 171 through 
data bus 172, and input/output card 180 to the appropriate 
elements of the machine as illustrated in FIGS. 1—10. 

Although not illustrated in speci?c detail herein, the 
motors used to drive the conveyors and seWing heads of the 
machine are stepper motors, and thus the machine operates 
on a time delay basis in association With the receipt of the 
appropriate leading or trailing edge detection signals, as 
acted upon by the control program held in EPROM 175 and 
processed Within CPU 175 to emit the appropriate control 
signals to the machine components through input/output 
card 180. Accordingly, the machine 5 can be operated in 
automated fashion for alloWing for the accurate, concise, 
and repeatedly consistent manufacture of a quality ?nished 
hemmed, folded, and seamed sleeve at a quality level and at 
production rates heretofore unknoWn in the art. 

OPERATION 

The operation of the improved method and apparatus for 
providing a hemmed, folded, and seamed ?nished Workpiece 
Will noW be described in greater detail With reference to 
FIGS. 1, 2, 6A, and the schematic illustration of FIGS. 
10A—J. 

Referring ?rst to FIGS. 1 and 2, a Workpiece blank, 
denoted by the reference character “W”, is placed on the 
upstream end of hemming conveyor 16 positioned With 
respect to hemming folder 17 in a substantially ?at, unfolded 
con?guration. 

Workpiece W generally is one of a bundle of Workpieces 
(not illustrated), Which Will be held on a Workpiece tray 190 
(FIG. 1) positioned at the operator station 192 of machine 5. 
The straight side edge W-l of the Workpiece to be hemmed 
is placed against the side of hemming conveyor 16 closest to 
the operator’s station, in line With the hemming station 15. 
As the operator engages the machine, for eXample by a foot 
sWitch actuated by the machine operator, the Workpiece is 
moved in the direction of the path of travel P1 through the 
edge trimmer (not illustrated) and the hemming folder, 
When, and as needed. As it moves through the folder, the side 
edge W-l of the Workpiece is folded under for forming the 
hem seWn into the Workpiece by hemmer seWing head 20. 
As shoWn in FIG. 9, the leading/trailing edges W-2 and W-3 
of the Workpiece Will be detected by hemming folder 
detector 21 prior to entering hemming folder 17, Whereupon 
a control signal is sent to the computer 170 controlling the 
operation of the hemming folder and the hemmer seWing 
head 20. If no Workpiece is detected by detector 21, the 
system is shut doWn. The leading edge W-2 of the Workpiece 
Will then be detected by hemmer detector 22 prior to being 
passed to the hemmer seWing head, Whereupon a control 
signal is once again sent to computer 170 to start the 
operation of the seWing head, Which seWs the hem in the 
Workpiece. Thereafter, the noW hemmed Workpiece 


















